The molecular biological analysis of disease processes requires the extraction of DNA and RNA from a variety of tissue preparations, including fresh and paraffin wax embedded material. The extraction of nucleic acids from routinely fixed and processed tissue is particularly important as it permits the use of archival material for the retrospective investigation of disease.
Techniques for the extraction of DNA from fresh tissue and cytological preparations have been amply described'2 and since adapted for use with paraffin wax embedded tissue. The disadvantage is that these methods require large amounts of tissue to produce sufficient DNA suitable for analysis by standard molecular biological procedures."4 RNA is highly labile and ribonucleases (RNAses) are endogenous in tissues and ubiquitous in the environment and therefore require more complex extraction methods.5 These have not been described for use with fixed, processed material.
Fixation and embedding of tissue is a procedure that has a profound effect on Proteinase K incubation Frozen fresh tissue blocks were crushed to a fine powder using a mortar and pestle and then suspended in 1 2 ml/100 mg tissue of digestion buffer (100 mM NaCl, 10 mM TRIS-Cl, 25 mM EDTA, 0-50o SDS, pH8-4), containing 01 mg/ml proteinase K (Sigma). Paraffin wax embedded sections were dewaxed in warm xylene and rehydrated by passage through graded alcohols. The sections were then scraped into microfuge tubes, suspended in digestion buffer (about 200 pl/ 10 sections), and incubated at 37°C for a variable period. Nucleic acid was purified by an organic extraction step. An equal volume of phenol:chloroform isoamyl alcohol (25:24:1) was added to the proteinase K digests, mixed thoroughly, and centrifuged to separate the aqueous and organic layers. The upper aqueous layer containing the nucleic acid was collected and the extraction repeated. A final extraction was carried out using an equal volume of chloroform:iso-amyl alcohol (24:1). The nucleic acid was then precipitated with two volumes of cold ethanol (-20°C) and one tenth volume 3M sodium acetate (pH 5 2) at -20°C for one hour, spun down (13000 rpm, for 10 minutes, dried, and redissolved in TRIS-EDTA buffer for between three and five days. and then diluted down to 200 Mg/ml. A 10 Ml aliquot of each DNA sample was incubated with an equal volume of each enzyme preparation for one hour at 37°C and the undigested nucleic acid purified by phenol/chloroform extraction and ethanol precipitation. The samples were analysed by gel electrophoresis (as above).
SDS incubation

POLYMERASE CHAIN REACTION
Two primers for the human factor VIII gene were used." Fifty picomoles of each were incubated with 1 pl of extracted DNA sample in 25 Ml of 1 x PCR buffer (50 mM KCl, 10 mM TRIS-Cl, 1 5 mM MgCl2, 0.010o gelatin, pH8 3) for five minutes at 94°C in the PEC Thermal cycler to denature fully the template DNA and to inactive any proteases contaminating the DNA before Taq polymerase was added. To this was added 25 pl of 1 x PCR buffer, containing 2 5 U of "Ampli Taq" (Cetus) and 0 4 mM each of dATP, dCTP, dGTP and dTTP. The reaction mixture was then incubated for 40 cycles of 48 seconds at 94°C, 48 seconds at 50°C, and one minute at 72'C, followed by 10 minutes at 72°C to ensure that all the product was fully extended. Each PCR experiment included a negative control of distilled H20 in place of DNA. The PCR products were analysed by running on a 20,, agarose electrophoresis gel, stained with ethidium bromide in a DNA subcell (BioRad) at 150 V for one and a half hours. A 123 basepair ladder (BRL) was used as a standard. the yield or quality of the DNA ( 
Results
RNA
After digestion with either RNAse or DNAse the small amount of low molecular weight material extracted from paraffin wax embedded tissue by SDS, incubation, or boiling was no longer visible on gel electrophoresis, again suggesting that they contained both RNA and fragmented DNA. RNAse digestion of the sample produced by proteinase K incubation, however, showed that this procedure produced relatively large amounts of RNA.
DNA PCR
The DNA extracted from routinely processed spleen by all of the extraction methods was of a quality suitable for amplification by the polymerase chain reaction. The DNA samples were of a sufficient concentration such that 1 iul of each could be used as template for amplification, producing a 142 base pair fragment of the factor VIII gene (fig 3, lanes 2, 4, 5) . The extracted DNA sample from the spleen using proteinase K was of a very high concentration (980 ng/pl), and from this and other results
(not shown) it seems that adding more than 500 ng of DNA as the PCR template may actually inhibit the amplification reaction. Adding one tenth of the DNA (98 ng) Leaving tissue in fixation for an extended period (up to 12 weeks), resulted in a further decrease in the amount of DNA that could be extracted (fig 4) . After an initial 24 hours' fixation at 37'C, however, the yields of RNA extracted after two to three weeks in fixative were much higher than if the fixative was kept at room temperature, while stronger heating (up to 60'C) during the first 24 hours resulted in much poorer yields of DNA. After 12 weeks 10 12 in fixative the yields ofDNA extracted from the tissue were low and independent of the initial temperature of fixation. The yields of DNA extracted from tissue fixed in 4% formaldehyde and a variety of other commonly used fixatives were compared. Tissue fixed in formaldehyde gave more DNA than tissue fixed in other formaldehyde based fixatives, paraformaldehyde and Bouin's reagent (table 4) . The DNA extracted from these tissues was of very low molecular weight ( fig 5, lanes 4-8) . Surprisingly, it was possible to extract some DNA from material fixed in Bouin's reagent, a picric acid based fixative. Tissue fixed in Carnoy's reagent produced yields of DNA 20 times those from formaldehyde fixed tissue and this DNA was of a much better quality, containing some high molecular weight fragments ( fig 5, lanes 2 and 3) The effects of fixation on DNA extraction can be substantially reduced by using a fixative other than formaldehyde. Carnoy's reagent results in a much better preservation ofDNA in the tissue, allowing the extraction of high molecular weight DNA"3 and quantitatively much higher yields, using more rapid extraction procedures. Although Carnoy's is a poor fixative for histological purposes, it may be potentially useful for the fixation of tissue collected specifically for molecular investigations where low temperature storage is not available.
Although an efficient and sensitive extraction technique, a long proteinase K incubation may take at least seven days to produce a usable DNA solution. Boiling sections for just 15 minutes produces relatively good yields from paraffin wax embedded tissue and a DNA solution of sufficient concentration to use a 1 4ul aliquot as template for the amplification of the single copy factor VIII gene. This method, however, is unlikely to produce enough DNA for the investigation of low copy number genetic material as is found in some persistent viral infections. This could be achieved by increasing the sensitivity of the amplification reaction by increasing the number of cycles, although this has the disadvantage of reducing the specificity of the reaction with the production of extraneous bands. Alternatively, a more sensitive autoradiographic detection method could be used, but this would reduce the simplicity and rapidity of the technique. The use of an intact paraffin wax embedded section did not permit amplification of factor VIII, a single copy gene, although it has been used to amplify fragments of the Alu repeat sequence (unpublished results). This suggests that a high copy number of target sequences must be present in the tissue if it is to be used directly as a template for amplification, with no extraction of nucleic acid, using less than 40 cycles of PCR.
RNA extraction procedures tend to be complex to avoid RNAse contamination and have not been described for use with paraffin wax embedded material. We have shown that a relatively simple and convenient technique, involving digestion with proteinase K, can extract considerable amounts of RNA from fixed tissue. RNA extracted by this method is suitable for the PCR analysis of viral sequences." This allows one simple procedure to be used to extract both DNA and RNA from a tissue sample, making more tissue available for molecular investigation.
